Background: Vibrio vulnificus related necrotizing fasciitis is a fatal, rapidly progressive soft-tissue infection. Necrotizing fasciitis caused by Klebsiella pneumoniae is rare, which is indistinguishable from V. vulnificus infection in the emergency room. The purpose of this study was to compare the clinical characteristics and outcome between these two pathogens in diabetic patients.
N ecrotizing fasciitis is a life-threatening soft-tissue infection with a high mortality rate, which requires emergent surgical debridement and broad-spectrum antibiotic treatment when the diagnosis is confirmed. The clinical features of necrotizing fasciitis include rapidly progressive skin necrosis with subcutaneous tissue and deep fascia involvement, and result in sepsis and multi-organ failure. [1] [2] [3] [4] Early diagnosis of necrotizing fasciitis is essential for treatment; however, necrotizing fasciitis is often indistinguishable from cellulitis due to the non-specific symptoms and signs on initial presentation in the emergency room. [1] [2] [3] [4] [5] Necrotizing fasciitis and progressive sepsis occur more frequently in patients with hepatic disease, diabetes mellitus, and adrenal insufficiency, and in patients who are immunocom-What this study adds to the field V. vulnificus infection progresses more rapidly than K. pneumoniae infection during the initial clinical course. The contact history and severity of symptoms should alert clinicians to distinguish between V. vulnificus and K. pneumoniae infections in diabetic patients with necrotizing fasciitis.
promised. [4] [5] [6] Angoules [4] conducted a systematic review of necrotizing fasciitis, and the predominant underlying disease leading to the development of necrotizing fasciitis was found to be diabetes mellitus (31%).
We previously reported that the clinical characteristics of gram-negative necrotizing soft-tissue infections are more rapidly progressive and fulminant than gram-positive infections. [7] Vibrio species are found to be the predominant clinical pathogens that cause necrotizing fasciitis and septicemia in the patients seen in our institution, especially in the summer season, in association with minor trauma and exposure to fish or seawater. Necrotizing fasciitis caused by Klebsiella pneumoniae, however, had the highest mortality rate (60%) and all of the patients had diabetes mellitus. [7] K. pneumoniae is a common bacterial pathogen for urinary tract infections, pneumonia, and bacteremia. It is also known to cause liver abscesses and necrotizing fasciitis among patients in eastern Asia. [5] Necrotizing fasciitis caused by K. pneumoniae is uncommon, and is strongly associated with predisposing conditions such as diabetes mellitus. The occurrence of necrotizing fasciitis caused by K. pneumoniae in Western countries is rare, and few cases have been reported. [8] [9] [10] The clinical manifestations of necrotizing fasciitis caused by K. pneumoniae and Vibrio vulnificus are similar, which include ecchymoses, hemorrhagic bullae, tissue necrosis, and gangrene over the site of infection.
The purpose of this study was to compare the clinical, laboratory features and outcomes of necrotizing fasciitis caused by V. vulnificus and K. pneumoniae in diabetic patients.
METHODS
Our institution is situated in the western coast of southern Taiwan and has a 1000-bed capacity. We retrospectively reviewed the medical records of 30 diabetic patients with necrotizing fasciitis between 2005 and 2012. Data on the causal microorganisms were determined by reviewing the microbiological reports of wound and/or blood culture samples that were taken before or at the time of operation. The diagnosis of necrotizing fasciitis was based on intraoperative and histopathologic findings.
Data on the demographic, clinical, laboratory, preceding local factors (including skin ulcer, and any other identified local factors or events that occurred over the site of infection), site of necrotizing fasciitis, local findings of infection site, time lapses between illness onset and hospital presentation, time lapses between necrotizing fasciitis diagnosis and surgical intervention, length of hospital stay, and outcome were collected for analyses. The included diabetic patients were divided into the following groups for further analyses: Patients with V. vulnificus infection and patients with K. pneumoniae infection.
Statistical analyses were performed with SPSS 
RESULTS
The clinical and laboratory characteristics of 19 diabetic patients with V. vulnificus necrotizing fasciitis are summarized in Table 1 . The V. vulnificus group consisted of 16 men and 3 women, with a mean age of 64 years (range, 39-81 years). Eight patients had diabetes mellitus without co-existing diseases. Of the 11 diabetic patients with other comorbidities, 7 patients had chronic liver disease, 2 had adrenal insufficiency due to prior corticosteroid use, and 2 had gout. Among the seven diabetic patients with chronic liver disease, hepatitis B related liver cirrhosis was found in two patients, and hepatitis C related liver cirrhosis, hepatitis B related liver disease, hepatitis C related liver disease, hepatocellular carcinoma and hepatitis B, and liver cirrhosis of unknown cause were found in one patient each.
Among the 19 diabetic patients with V vulnificus infection, lower limb involvement was found in 9 patients and upper limb involvement in 10 patients [ Figure 1 ]. The mean time from onset of illness to hospital presentation was 2.47 days (range, 1-4 days). All the patients in this group underwent fasciotomy initially; however, one patient had an above-the-knee amputation due to progressive infection and uncontrolled sepsis after fasciotomy. The mean duration of hospitalization was 34.4 days (range, 8-61 days). Five patients (26%) experienced hypotension in the emergency room. Fever was found in 7 (36%) patients when they presented to emergency room. V. vulnificus isolates were susceptible to ampicillin, amikacin, ceftazidime, ceftriaxone, cefuroxime, ciprofloxacin, gentamicin, imipenem, piperacillin, and sulfamethoxazole-trimethoprim. Broad-spectrum antibiotics were administered initially in the emergency room to patients with V. vulnificus infection; ceftriaxone alone was given in nine, ceftriaxone plus tetracycline in five, ceftriaxone plus gentamicin in three, and oxacillin plus gentamicin in two. The bacteremia rate was 47%, and the mortality rate in this V. vulnificus group was 10% (2/19).
The clinical and laboratory characteristics of 11 patients with K. pneumoniae necrotizing fasciitis are summarized in Table 2 . The K. pneumoniae group consisted of 8 men and 3 women, with a mean age of 61.5 years (range, 40-90 years). One patient had diabetes mellitus without a co-existing disease. Of 10 diabetic patients with other co-morbidities, 5 patients had chronic liver disease, 1 had gout and adrenal insufficiency, 1 had adrenal insufficiency, 1 had a history of myocardial infarction, 1 had alcoholic liver disease, and 1 had a history of stroke and gout. Among the five diabetic patients with chronic liver disease, hepatitis C related liver cirrhosis was found in two patients, and hepatitis B related liver disease, hepatitis C related liver disease, and liver cirrhosis of unknown cause were found in one each.
Of the 11 diabetic patients with K. pneumoniae infection, polymicrobial infection was found in 2 patients. Other pathogens which were identified in polymicrobial infections were Enterobacter cloacae and Group B streptococcus in Case 9 and Serratia marcescens in Case 10 [ Table 2 ]. Three of the patients had upper limb involvement and eight patients had lower limb involvement [ Figure 2 ]. The mean time from onset of illness to hospital presentation was 5.45 days (range, 2-12 days). Nine patients in this group initially underwent fasciotomies and two patients had above-the-knee amputations. The mean duration of hospitalization was 26.8 days (range, 8-60 days). Four patients (36%) experienced hypotension at presentation to the hospital. Only one (9%) patient with K. pneumoniae necrotizing fasciitis was found to have fever at presentation to the hospital. K. pneumoniae isolates were susceptible to amikacin, ceftazidime, ceftriaxone, cefuroxime, ciprofloxacin, aztreonam, gentamicin, and imipenem. Broad-spectrum antibiotics were administered initially in the emergency room to patients with K. pneumoniae infection; ceftriaxone alone was given in five, cefazolin plus gentamicin in two, ceftriaxone plus gentamicin in two, and ceftriaxone plus vancomycin in two patients. The bacteremia rate was 18%, and the mortality rate in the K. pneumoniae group was 27% (3/11).
There was no difference in the demographic characteristics, underlying conditions, laboratory data, site(s) of necrotizing fasciitis, local findings of infection site, time lapses between necrotizing fasciitis diagnosis and surgical intervention, duration of hospital stay, and mortality rate between the two groups [ Tables 3 and 4 ]. There were no concomitant distant abscesses and metastatic infections involving other organs, such as brain, lung, and liver abscess, in both the groups. In contrast, a significant difference existed between the two groups with respect to the time interval between onset of illness and presentation to the hospital (p < 0.001). The average time from the onset of illness to presentation to the hospital in the V. vulnificus group was shorter than that in the K. pneumoniae group (mean duration, 2.47 ± 1.12 days vs. 5.45 ± 3.01 days). When compared to K. pneumoniae group, patients in V. vulnificus group had a significantly higher frequency This patient received debridement and skin graft, and was discharged on the 44 th day after admission. 
DISCUSSION
Diabetes mellitus is an important predisposing illness that affects the progression and severity of necrotizing fasciitis based on peripheral vaso-occlusion and "sugar-coated capillaries" limiting the blood supply to superficial and deep structures. [2, 4, 11, 12] Untreated tissues will become gangrenous in several days, and subsequent invasion of the bloodstream by virulence factors released from the gangrenous tissues can easily cause fulminant sepsis and possible death in diabetic patients with necrotizing fasciitis. [11, 12] V. vulnificus is a gram-negative marine bacterium that is usually present in warm coastal waters. The main clinical manifestations of V. vulnificus infections in humans are gastrointestinal illnesses, primary septicemia, and wound infections. The clinical course can progress rapidly by releasing hemolysins and proteases, and result in hemorrhagic bullae and severe skin necrosis. [13] [14] [15] [16] The routes of necrotizing fasciitis caused by V. vulnificus include wound infections while handling seafood, exposure of a pre-existing wound to seawater, and ingestion of contaminated undercooked seafood. [13] [14] [15] [16] Necrotizing skin and soft-tissue infections caused by K. pneumoniae are often associated with liver abscesses and diabetes mellitus; specifically, diabetes mellitus was present in 62.5-100% of such patients. [10, [17] [18] [19] [20] [21] K. pneumoniae is a non-motile, rod-shaped, gram-negative bacterium with a prominent polysaccharide capsule. The polysaccharide capsule encases the entire cell surface and provides resistance against many host defense mechanisms. Capsule polysaccharides and lipopolysaccharides, such as K1 and K2, are the most virulent serotypes and important virulence factors of K. pneumoniae. [17, 18, 20, 22] Our previous studies showed that patients with hepatic dysfunction had significant associations with V. vulnificus infections; however, V. vulnificus can also produce severe sepsis in diabetic patients with or without other chronic illnesses. [14] Necrotizing fasciitis caused by K. pneumoniae is extremely rare in the western hemisphere, but necrotizing fasciitis caused by K. pneumoniae has been increasingly reported in the past decade, with fatality rates approaching 50%. [10, [17] [18] [19] [20] [21] In the current study, the mortality rates for diabetic patients in the V. vulnificus and K. pneumoniae groups were 10.5% and 27.2%, respectively, after early surgical debridement and adequate antibiotic treatment. We considered that capsule polysaccharides and lipopolysaccharides of K. pneumoniae can cause more immunologic defect and severe infections in the hyperglycemic status than that Metastatic infections with K. pneumoniae necrotizing fasciitis, which may be a consequence of transient bacteremia, have been reported. [18] [19] [20] [21] [22] [23] [24] [25] [26] Ho et al. [19] and Hu et al. [24] have reported that patients with K. pneumoniae necrotizing fasciitis have concurrent liver abscesses. Dalal [26] reported that patients with K. pneumoniae necrotizing fasciitis have associated lung abscesses. In the current study, no metastatic infections were noted in the K. pneumoniae group.
There were several limitations in this study. First, we had a small number of study cases. Second, we had missing data due to retrospective nature of the study. Third, we did not determine the capsular serotype of K. pneumoniae. Although genotype K1 strains are predominant in the East, we cannot fully understand the association between metastatic infections and bacteremia in necrotizing fasciitis without knowing the capsular serotype. Fourth, we did not determine the glycosylated hemoglobin (HbA1c) levels of all patients. Oncul et al. [27] reported that a mean HbA1c value of 10.6% was associated with poor prognosis and mortality. Two patients who died in the K. pneumoniae group had HbA1c values of 9% and 10.8%, respectively. We should obtain the HbA1c values of diabetic patients to determine the association between elevated HbA1c values and the prognostic factors for necrotizing fasciitis.
In conclusion, patients with diabetes mellitus should be aware of necrotizing fasciitis caused by V. vulnificus and K. pneumoniae, which is a true surgical emergency. The contact history and the time from exposure to presentation with severe symptoms should alert clinicians to distinguish necrotizing soft-tissue infections caused by V. vulnificus (contact with seawater or raw seafood) and K. pneumoniae (abrasions or chronic ulcers) in diabetic patients. V. vulnificus infections progress more rapidly than K. pneumoniae infections during the initial clinical course.
